DURING curation of the recently acquired Sutcliffe-Greenbank collection of LeadhillsWanlockhead minerals, three exquisite vanadinite specimens attracted attention due to an investing chalky-white mineral. Two of the specimens may possibly have passed through the hands of well known mineral collectors, viz. Alexander Rose (1781-1860) of Edinburgh, and Thomas Brown MD (1774-1853) from Waterhaughs and Lanfine, Ayrshire. The Rose specimen is roughly rectangular (9 x 4 x 1.5-2 cm) and approximately 70% of one surface is covered by the chalky-white mineral. A siliceous base, with ferruginous material and hydrocarbons, is coated by a 1 mm hematite layer on which a soft grey-brown layer has been deposited. Both the orangey-brown, globular vanadinite (< 7 mm) and chalky-white mineral have developed upon the grey-brown layer. It is highly probable that vanadiulte of this quality came from the High Pirn Mine at Wanlockhead.
Five samples of the chalky white mineral from different areas of the Rose sample yielded X-ray powder diffraction patterns of apatite, a close similarity with that of carbonate apatite being noted. Microchemical tests revealed the presence of CO2 and further investigation showed a high lead content. Apatite is an exceedingly rare mineral within the Leadhills-Wanlockhead orefield, the first recording being from Whyte's Cleuch, Wanlockhead (Temple, 1956) , although no description was published.
X-ray and chemical data
Indexed X-ray powder data for 33 lines are presented in Table 1 which indicate that the mineral belongs to the apatite rather than the pyromorphite subgroup. Comparison with apatite data in the Powder Diffraction File reveals that apatites with a line at d 3.04-3.08 ,~ are either carbonate, fluor or hydroxyapatites. Cell parameters refined from the powder data are a = 9.472 9 ~, c = 6.904 ,A and cell volume 536.42 ,~3.
Temple (1954) also described a white mineral, after galena, from Whyte's Clench, the X-ray pattern of which is almost identical to that of the plumboan apatite with which it is compared (Table 1) . He called the white phase lead hydroxyapatite for the diffraction pattern matched very closely that of synthetic basic lead phosphate. It became apparent that X-ray data alone could not characterize the apatite. Only a single fluorite-bearing specimen has been reported (by Heddle, 1901 ) from the High Pirn Mine and this is not in the Heddle collection within the Royal Museum of Scotland. With closely associated vanadinite, and pyromorphite abundant at the locality, it was thought that the carbonate-bearing apatite probably contained a reasonably high chlorine content.
Results from a full chemical analysis by ICP/ AES on a 15 mg sample, together with EPMA data, are detailed in Table 2 . All electron microprobe analyses were undertaken on polished grains using a Camebax Cameca instrument utilizing galena, wollastonite, apatite and halite standards. Lead, calcium and phosphorus are the only major elements detected, whereas chlorine is present in moderate amounts. Water and carbon dioxide, both of which are tenacioulsy held by the apatite structure, were determined by CHN analysis. Fluorine was determined using an ion selective electrode on an active acid dissolution. Empirically the formula reflects the now wellestablished replacement of P by C in carbonate apatites, whereas F is five-and-a-half times greater than CI. Cockbain (1968) reported that synthetic apatites produced at low temperatures can display non-stoichiometric features as do natural, lowtemperature apatites, e.g. 'francolite'. For the latter, McConnell (1952) concluded that it can be hydrated, and putting 1.5 H20 into the plumboan apatite empirical formula produces a good charge balance.
Infrared, using a KBr pressed disc, reveals the presence of OH, H20, CO3 and PO4 absorptions ( Fig. 1 and Table 3 ). Thermogravimetric analysis in argon (Fig. 2) yielded results which are difficult to reconcile with CHN values, the salient features being a gradual loss to 635~ Simpson (1964) reported a similar gradual loss up to 680~ for alkali carbonate apatites. The sharp event at 635~ may be a specific compound decomposing, whereas the final, large loss reflects Pb sublimation.
Discussion
Engel et al. (1975) showed that a complete solid solution series exists between Ca10(PO4)6(OH)2 (Rouse et al., 1984) . 
